System Integration & Programming of EHD 3D printer by Sharma, Vipul Kumar
 
      System Integration & Programming  
                 of EHD 3D printer 
  
 
 A Thesis  
Submitted to the Faculty  
   of Drexel University  
      by  
   Vipul Kumar Sharma 
in partial fulfillment of the  
          requirements for the degree 
                                             of  
Master of Science in Mechanical Engineering  
                                 June 2017 
 
         
 
i 
 
DEDICATION 
 
I dedicate my dissertation work to my family and friends, who has supported me morally and economically 
to reach this instance in my education. A special feeling of gratitude to my parents, whose words of 
encouragement have instilled in me the necessity of higher education. My brother, Atul has never left my 
side and is very special. I love you guys very much and appreciate your efforts. I also dedicate this 
dissertation to my friends, Jaideep & Udit who always supported me throughout the process. I will always 
appreciate all they have done, for helping me develop my technology skills. I dedicate this work and give 
special thanks to my Professor, Dr. Jack G. Zhou and my wonderful research assistant Dajing Gao for being 
there for me throughout the entire program. Both of you have been my best inspiration. I promise to keep 
moving forward and try finding ways to improve personally and professionally, thank you for believing in 
me. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ii 
 
 
ACKNOWLEDGEMENT 
First, I would like to thank my advisor, Dr. Jack G. Zhou, who has always helped and instructed me 
throughout my thesis with a lot of knowledge and patience. The door to Prof. Zhou office was always open 
whenever I ran into a trouble or had some questions about my research or writing. He steadily allowed 
this paper to be my own work, but steered me in the right the direction whenever he thought I needed it. 
Although it was a slow start and his continued patience that I developed the dedication needed to perform 
technological related research studies for my Master’s degree. This also could have not been possible 
without the support of my dearest friends, who have helped and guided me into the work completed in 
this thesis. 
I would also like to acknowledge Dajing Gao as the second reader of this thesis, and I am gratefully 
indebted to his for his valuable comments on this thesis and for giving me the opportunity to continue my 
graduate studies at Drexel University and support throughout my degree. 
Lastly, I must express my very profound gratitude to my parents and to my friends for providing me with 
unfading support and ceaseless encouragement throughout my years of study and through the process 
of researching and writing this thesis. This accomplishment would not have been possible without them.  
Thank you. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“We are what our thoughts have made us; so take care about what you think. Words are secondary. 
Thoughts live; they travel far.” 
            - Swami Vivekananda 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 Table of Contents 
 
DEDICATION...................................................................................................................................................i 
 
ACKNOWLEDGEMENT...................................................................................................................................ii 
 
Table of Contents.........................................................................................................................................iv 
 
List of figures...............................................................................................................................................vii 
 
ABSTRACT....................................................................................................................................................xii 
 
CHAPTER 1. INTRODUCTION.........................................................................................................................1 
 
1.1 EHD Concept..............................................................................................................................2 
 
1.2 Air Focusing Flow.......................................................................................................................4 
 
CHAPTER 2. LabVIEW INTRODUCTION..........................................................................................................5 
 2.1 The Value of a Platform.............................................................................................................5 
2.2 Theory........................................................................................................................................6 
 
2.3 Front Panel and Block Diagram..................................................................................................7 
 
2.4 Controls Palette.........................................................................................................................8 
 
2.5 Tools Palette.............................................................................................................................10 
 
2.6 Wiring.......................................................................................................................................11 
 
2.7 Toolbar.....................................................................................................................................12 
 
2.8 Execution..................................................................................................................................13 
 
2.9 Express VIs...............................................................................................................................14 
 
 
 
v 
 
CHAPTER 3. DATA FLOW PROGRAMMING..................................................................................................15 
 
3.1 Signal Processing......................................................................................................................17 
 
3.2 Sub VIs......................................................................................................................................18 
 
3.3 Load .STL File............................................................................................................................19 
 
CHAPTER 4. LabVIEW AND ARDUINO.........................................................................................................20 
 
4.1 Requirements for LabVIEW......................................................................................................21 
 
4.2 Arduino Study..........................................................................................................................22 
 
4.3 Load Arduino Interface............................................................................................................25 
 
4.4 Labview Interface for Arduino (LIFA).......................................................................................27 
 
4.5 Problems with LIFA..................................................................................................................29 
 
4.6 LINX Interface..........................................................................................................................30 
 
4.7 Uploading LINX Firmware.........................................................................................................31 
 
4.8 LINX Led Example.....................................................................................................................32 
 
4.9 LINX PROBLEM.........................................................................................................................33 
 
4.10 Debugging..............................................................................................................................33 
 
4.11 SOLUTION...............................................................................................................................39 
 
4.12Preferred Circuit Design..........................................................................................................40 
 
4.13 WORKING EXAMPLE...............................................................................................................42 
 
CHAPTER 5. INTEGRATING LABVIEW WITH OTHER SOFTWARES................................................................44 
 
5.1 HDBB board..............................................................................................................................44 
 
5.2 Servo Drivers............................................................................................................................45 
vi 
 
 
CHAPTER 6. HEATING SYSTEM INTEGRATION........................................................................................49 
 
6.1 Thermocouples....................................................................................................................49 
 
6.2 Thermistors......................................................................................................................... 51 
 
6.3 Steinhart–Hart Equation......................................................................................................53 
 
6.4 Sampling with Arduino.........................................................................................................54 
 
6.5 Sampling with LIFA...............................................................................................................56 
 
6.6 myDAQ.................................................................................................................................56 
 
6.7 Coding myDAQ with Labview...............................................................................................58 
 
6.8 Integrating Matlab and Labview..........................................................................................60 
 
6.9 Graphical Method................................................................................................................62 
 
6.10 Final using mydaq as Controller.........................................................................................63 
 
6.11 Proposed Heating System...................................................................................................68 
 
6.12 Other Heating Options........................................................................................................69 
 
CHAPTER 7. AFF SYSTEM..........................................................................................................................70 
 
CHAPTER 8. FINAL TESTING......................................................................................................................73 
 
8.1 Syringe pump........................................................................................................................73 
 
8.2 High voltage supplier............................................................................................................74 
 
8.3 Microviewer camera.............................................................................................................74 
 
8.4 Testing EHD & AFF................................................................................................................75 
 
8.5 Test result.............................................................................................................................77 
 
 
vii 
 
 
CHAPTER 9. CONCLUDING REMARK AND FUTURE WORK...................................................................78 
 
9.1 Conclusion.........................................................................................................................78 
 
9.2 Future Work & Development............................................................................................79 
LIST OF REFERENCES............................................................................................................................79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
LIST OF FIGURES  
 
Figure 1.1 Development and Modeling of Melt Electrohydrodynamic-Jet Printing of Phase-Change Inks for High-
Resolution Additive Manufacturing. Journal of Manufacturing Science and Engineering………………………….……..2 
 
Figure 1.2 Chuan Wei, Jingyan Dong. (a) Pulsating mode of EHD printing of wax. (b) Droplet size and printing 
frequency at positive voltages……………………………………………………………..…………………………………………..…………….3 
 
Figure 1.3 Chuan Wei, Jingyan Dong. Schematic for FEA of the electrostatic force and surface tension force on 
the droplet. (b) Electrical field distribution during droplet ejection. (c) Result of droplets dimension from FEA 
(line) and experimentally measured (data points)………………….……………………………………………………………………….3 
 
Figure 1.4 Wiley-VCH Verlag GmbH &Co. Flow-focusing atomizer. a) Simple jet: 1) focusing fluid, 2) focused 
fluid, 3) meniscus; b) compound atomizer with two concentric needles: 1) focusing fluid, 2) focused fluids: core 
fluid and shell fluid, 3) compound meniscus…………………………………………….………………………………………….………….4 
Figure 2.1 Getting Started window...............................................................................................................7 
Figure 2.2 front panel and block diagram.....................................................................................................8 
Figure 2.3 front panel command window.....................................................................................................9 
Figure 2.4 block diagram command window..............................................................................................10  
Figure 2.5 tools palette command window.................................................................................................11 
 
Figure 3.1 temperature example.................................................................................................................15 
 
Figure 3.2 working temperature example...................................................................................................16 
 
Figure 3.3 case structure.............................................................................................................................16 
 
Figure 3.4 waveform chart...........................................................................................................................17 
 
Figure 3.5 signal processing.........................................................................................................................17 
 
Figure 3.6 STL file program...........................................................................................................................20 
 
Figure 4.1 Interface with common embedded platforms............................................................................20 
ix 
 
 
Figure 4.2 VISA interactive control and compiler......................................................................................21 
 
Figure 4.3 Arduino Mega 2560..................................................................................................................22 
 
Figure 4.4 Arduino Mega 2560 pin information........................................................................................24 
 
Figure 4.5 RAMPS for arduino...................................................................................................................25 
 
Figure 4.6 Arduino interface download.....................................................................................................25 
 
Figure 4.7 LabVIEW interface of Arduino..................................................................................................26 
 
Figure 4.8 LIFA_Base for Arduino..............................................................................................................27 
 
Figure 4.9 Showing no USB connection....................................................................................................28 
 
Figure 4.10 LIFA led example....................................................................................................................28 
 
Figure 4.11 Labview forum describes LIFA problems................................................................................29 
 
Figure 4.12 linx interface...........................................................................................................................30 
 
Figure 4.13 linx led example......................................................................................................................32 
 
Figure 4.14 showing linx problem.............................................................................................................33 
 
Figure 4.15 Showing error 5002...............................................................................................................34 
 
Figure 4.16 Showing error 5003...............................................................................................................36 
 
Figure 4.17 Showing OK code 1073676294..............................................................................................38 
 
Figure 4.18 Showing processing lights (TX, RX) .......................................................................................39 
 
Figure 4.19 Showing schematic of stepper motor drive ..........................................................................39 
 
Figure 4.20 circuit showing stepper run by labview.................................................................................40 
 
Figure 4.21 3 WIRE SERVO MOTOR EXAMPLE..........................................................................................41 
 
Figure 4.22 Labview controlling different aspects...................................................................................41 
x 
 
 
Figure 4.23 yaskawa servo drives...........................................................................................................42 
 
Figure 4.24 yaskawa driver palette........................................................................................................43 
 
Figure 4.25 Process through Labview....................................................................................................43 
 
Figure 5.1 HDBB board pinout...............................................................................................................44 
 
Figure 5.2 servo drivers..........................................................................................................................45 
 
Figure 5.3 servo configurator.................................................................................................................45 
 
Figure 5.4 PID control.............................................................................................................................46 
 
Figure 5.5 working of mach3..................................................................................................................47 
 
Figure 5.6 Labview control system.........................................................................................................48 
 
Figure 6.1 NI USB TC01...........................................................................................................................49 
 
Figure 6.2 Thermocouple K type, J type, omega SA2.............................................................................50 
 
Figure 6.3 Different K type thermocouples............................................................................................50 
 
Figure 6.4 Vishay NTCLE-100E-3103 10k thermistor..............................................................................51 
 
Figure 6.5 Honeywell 135-103FAD-J01..................................................................................................52 
 
Figure 6.6 100K thermistor data............................................................................................................53 
 
Figure 6.7 Difference between thermistor, thermocouple and RTD.....................................................54 
 
Figure 6.8 Arduino output data.............................................................................................................55 
 
Figure 6.9 LIFA program for thermistor.................................................................................................56 
 
Figure 6.10 myDAQ pinouts...................................................................................................................57 
 
Figure 6.11 wiring diagram of thermistor..............................................................................................58 
 
Figure 6.12 thermistor in a loop............................................................................................................58 
xi 
 
 
Figure 6.13 DAQ configuration with the 100k thermistor.....................................................................59 
 
Figure 6.14 integration of matlab with labview....................................................................................60 
 
Figure 6.15 controlling temperature.....................................................................................................61 
 
Figure 6.16 led lights up with output pins.............................................................................................61 
 
Figure 6.17 thermistor graphical method..............................................................................................62 
 
Figure 6.18 result comparison with graphical method..........................................................................63 
 
Figure 6.19 Protek dual dc supply..........................................................................................................64 
 
Figure 6.20 switching circuit..................................................................................................................65 
 
Figure 6.21 HY1Z-5V  Signal Relay.........................................................................................................65 
 
Figure 6.22 2N3906 PNP transistor.......................................................................................................66 
 
Figure 6.23 transistor circuit.................................................................................................................66 
 
Figure 6.24 12V 10W Polyimide Flexible Membrane Thermo Foil Heater Heating Film 80mm x 
10mm…………........................................................................................................................................67 
 
Figure 6.25 proposed heating system..................................................................................................68 
 
Figure 6.26 omega benchtop controller...............................................................................................69 
 
Figure 6.27 Silicone rubber extruded heating tapes.............................................................................70 
 
Figure 7.1 Central Pneumatic compressor...........................................................................................70 
 
Figure 7.2 custom regulator.................................................................................................................71 
 
Figure 7.3 NI 9237................................................................................................................................71 
 
Figure 7.4 PID pressure controller........................................................................................................72 
 
Figure 8.1 new era syringe pump.........................................................................................................73 
 
xii 
 
Figure 8.2 677B, a high-voltage power amplifier..................................................................................74 
 
Figure 8.3 Mighty Scope 1.3M USB Digital Microscope........................................................................75 
Figure 8.4 nozzle chamber....................................................................................................................76 
Figure 8.5 test set up............................................................................................................................76 
Figure 8.6 EHD experiment..................................................................................................................77 
Figure 8.7 AFF experiment...................................................................................................................78 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
ABSTRACT 
     System Integration & Programming 
                     of EHD 3D printer 
       Vipul Kumar Sharma 
     Dr. Jack G. Zhou, Ph.D 
 
This project is the base for Electro Hydro Dynamics (EHD) & Air Focusing Flow (AFF) 3D printer. Electro 
Hydo Dynamics (EHD) is the study of dynamics of electrically charged fluids and motions of ionized 
particles or molecules and their interactions with electric fields and the surrounding fluid. In order to study 
and work on EHD, this is the first phase. Before going to 3D printing or Manufacturing of the components, 
it’s better to test the machine and evaluate its performance in a virtual environment. First, we took food 
printer and converted into a simple 3D printer. Then we took a high precision Semprex KL-series table to 
work on the EHD. With our project outlined, we had to choose a design, source the parts, build the printer, 
and get the printer to work with NI’s software and hardware which has not yet been done before. The 
nozzle and base both are not stationary. The base lies on the XY-axis while the nozzle is fixed on the Z-
axis. The LabVIEW has to be designed so that it can integrate MACH3 as well as Slicer with an integration 
of temperature and pressure control. For this project we are using NI LabVIEW 2016, which is the latest 
version. 
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CHAPTER 1. INTRODUCTION 
3D printing, also known as additive manufacturing (AM), refers to processes used to synthesize a three-
dimensional object in which successive layers of material are formed under computer control to create 
an object. Objects can be of almost any shape or geometry and are produced using digital model data 
from a 3D model or another electronic data source such as an Additive Manufacturing File (AMF) file. The 
term 3D printing has its origin sense, 3D printing in reference to a process that deposits a binder material 
onto a powder bed with inkjet printer heads layer by layer. More recently, the term is being used in 
popular vernacular to encompass a wider variety of additive manufacturing techniques. This project had 
several parts to it: choice of the design, sourcing of the parts, building the printer, and getting the software 
and hardware to function correctly. Main focus of the project is the EHD and AFF part. The EHD printing 
system consists four subsystems: a precision three-axis motion system, a dispensing system, a heating 
system and voltage supply. It works by electric field applied on a pendent drop at end of a nozzle and then 
Mobile ions in a polarizable liquid to gather at surface. AFF System contains pneumatic compressor which 
is capable of providing 15-20 psi to chamber which results in fine droplets.  
Both the concepts work almost in the same way. They both form Taylor cone which is used for printing. 
When a small amount of electrically conductive liquid is exposed to an electric field, the shape of liquid 
starts to deform from the shape caused by surface tension alone. As the voltage is increased the effect of 
the electric field becomes more eminent. As exerting a similar amount of force on the droplet as the 
surface tension does, a cone shape begins to form with convex sides and a rounded tip. 
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1.1 EHD Concept 
 
Figure 1.1:- Development and Modeling of Melt Electro hydrodynamic-Jet Printing of Phase-Change Inks for 
High-Resolution Additive Manufacturing. Journal of Manufacturing Science and Engineering. 
Figure 1 shows the schematic setup of the EHD printing system. The precision three-axis system has three 
linear motion stages with an accuracy and precision of ACME lead screw is 2mm/rev and three motion 
stages were used to control the movement of the substrate and the print head with internal rotary 
encoders with error as little as 1 micron per 2500 steps for position feedback. 
EHD-jet printing in the micro-dripping or pulsating mode provides drop-on-demand capabilities that have 
great capacity in micro-scale 3D printing when using wax-based support and build materials. The fine 
droplets can be deposited and solidified on demand to form layer-by-layer 3D structures. The printing 
results is determined by the ink properties, along with process conditions, mostly applied voltage. 
From Figure 2, clearly increasing the voltage will decrease droplet size and increase ejection/printing 
frequency, which can be easily explained by the mechanism of EHD printing. An increasing voltage will 
increase surface charge density and charge migration speed at the Taylor cone. This results smaller 
droplets to obtain large enough electrostatic force to overcome surface tension to be ejected from the 
cone tip with less charge accumulation time. 
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Figure 1.2:- (REF)Chuan Wei, Jingyan Dong. (a) Pulsating mode of EHD printing of wax. (b) Droplet size and 
printing frequency at positive voltages. 
Figure 3(a) shows Finite Element Analysis (FEA) based model to predict droplet dimension at different 
system configurations and process conditions. It can be seen that a hemispherical meniscus forming at 
the nozzle tip. The EHD printing process depends on two competing forces, surface tension and the 
electrostatic Columbic force. The droplet with the fixed diameter has the largest surface tension force, 
and will be ejected if the electrostatic force acting on the droplet surface is larger than the surface tension 
force. The electrostatic forces on the droplet can be calculated at different printing conditions in the FEA. 
The electrostatic force Fe can be expressed as a function of V, droplet diameter Dd, & Dn  
Fe = cV
k1Dd
k2DN
k3 
The surface tension force Fs can be expressed as  
Fs = σπdD (σ: surface tension coefficient).  
Then the droplet diameter can be calculator by equaling above two functions. 
 
Figure 1.3:- (REF)Chuan Wei, Jingyan Dong. Schematic for FEA of the electrostatic force and surface tension 
force on the droplet. (b) Electrical field distribution during droplet ejection. (c) Result of droplets dimension 
from FEA (line) and experimentally measured (data points). 
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1.2 Air Focusing Flow 
Air Flow focusing results from combining hydrodynamic forces with a specific geometry. AFF device 
(Figure 4a) consists of a pressure chamber which pressurizes with a continuous focusing fluid supply that 
enters through (1). Inside, a focused fluid (2) is injected through a tube whose extremity opens up in front 
of a small orifice linking the chamber with the exterior ambient. The focusing fluid stream (1) molds the 
fluid meniscus (3) into a cusp giving rise to a microjet exiting the chamber through the orifice; the jet 
diameter is much smaller than the exit orifice diameter, thus precluding any contact. Capillary instability 
breaks up the stationary jet into uniform droplets. [4] The feed tube may be composed of two or more 
concentric needles and different liquids can be directly injected, thus leading to multilayer microcapsules 
with multiple shells of controllable thickness Figure 4b.  
 
Figure 1.4:- (REF)Wiley-VCH Verlag GmbH &Co. Flow-focusing atomizer. a) Simple jet: 1) focusing fluid, 2) 
focused fluid, 3) meniscus; b) compound atomizer with two concentric needles: 1) focusing fluid, 2) focused 
fluids: core fluid and shell fluid, 3) compound meniscus. 
A low-Reynolds planar device /microfluidic (where the Reynolds number (Re) expresses the ratio of 
inertial forces to viscous forces) based on the AFF principle has already been successfully utilized[6] to 
yield highly monodisperse objects with a no spherical shape, where the break-up mechanism is controlled 
by the surface tension and the viscous forces, while the geometry of the outlet channel determines the 
eventual shape of the particles. In contrast to such systems, the AFF applications described above enjoys 
superior productivity owing to their high- and moderate-Reynolds operation. This causes a break-up 
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pattern where inertia, surface tension, and geometry play the leading roles: a exceptional degree of size-
control is achieved, ranging up to the lowest microscales. High-Reynolds applications are able to “docile” 
inertia, a potentially unruly component of the flow pattern, by the judicious use of design; thus they prove 
particularly suitable for miniaturization, given their sensitive and strong response to geometric fine-
tuning. The operation of such devices is strikingly energy-efficient, owing to the restrained role of 
viscosity. In short, AFF ensures an extremely fast creation of up to millions of droplets per second as the 
jet breaks up, [5] a rate much higher than that obtained by other microdripping techniques. 
 
CHAPTER 2. LabVIEW INTRODUCTION 
LabVIEW programs/software system are called virtual instruments (VIs). Each VI has mainly three 
components: a block diagram, a front panel and a connector panel. The endmost is used to represent the 
VI in the block diagrams of other, calling VIs. The front panel is made using controls and indicators. 
Laboratory Virtual Instrument Engineering Workbench (LabVIEW) is a system-design platform and 
development environment for a visual programming language from NI. The graphical language is named 
"G"; not to be misinterpreted with G-code. NI LabVIEW is the ultimate system design software used by 
engineers and scientists to produce design, prototype, and deploy embedded control and monitoring 
applications. It combines hundreds of prewritten libraries, tight assimilation with off-the-shelf hardware, 
and a variety of programming approaches including graphical development, .m file scripts, and 
connectivity to existing ANSI C and HDL code. In case of designing medical devices or complex robots, 
reduce time to market and the overall cost of embedded control and monitoring with LabVIEW. With the 
powerful NI LabVIEW system design environment, we can build any measurement or control system in 
dramatically less time. Unlike general-purpose tools, LabVIEW firmly integrates any hardware with 
extensive analysis and signal processing libraries, offers custom graphical user interfaces, and allows us to 
deploy these systems to a platform that uses the newest and most advanced technology. 
2.1 The Value of a Platform 
LabVIEW is the keystone of NI’s system design platform. Investing in a platform approach gives the ability 
to effectively scale the application to meet the changing requirements of the labview. 
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LabVIEW increases efficiency by abstracting low-level complexity and integrating all of the technology we 
need into a single, unified development environment, unlike any other text-based alternative. 
Programming in a unified environment means we don’t have to invest time in building expertise in a 
variety of tools to fulfill the goal. Instead, we can be confident that elements of the system will fit together 
seamlessly. 
2.2 Theory 
The LabVIEW Environment 
LabVIEW programs are called Virtual Instruments, or VIs, because their appearance and operation 
emulate physical instruments, such as oscilloscopes and multimeters. LabVIEW contains a complete set 
of tools for acquiring analyzing, displaying, and storing data, as well as tools to help we troubleshoot the 
code. 
The Getting Started window will appear when we launch LabVIEW. Use this window to generate new 
projects and open existing files. We also can access resources to expand the capacity of LabVIEW and 
information to help we learn about LabVIEW. 
 
The Getting Started window vanishes when we open an existing file or create a new file and reappears 
when we close all open front panels and block diagrams. We also can display the window from the front 
panel or block diagram by selecting View»  Getting Started Window. 
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Figure 2.1: - Getting Started window 
In order to generate a new VI, select “Blank VI” or in order to create a new LabVIEW project, select “Empty 
project”. 
 
2.3 Front Panel and Block Diagram  
 
In LabVIEW, we build a user interface, or front panel, with controls and indicators. Controls are knobs, 
push buttons, dials, and other input devices. Indicators are graphs, LEDs, and other displays. We build the 
front panel with controls and indicators, which are the interactive input and output terminals of the VI, 
respectively. Controls are knobs, push buttons, dials, and other input devices. Indicators are graphs, LEDs, 
and other displays. Controls simulate instrument input devices and supply data to the block diagram of 
the VI. Indicators simulate instrument output devices and display data the block diagram acquires or 
generates. 
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Figure 2.2: - front panel and block diagram 
After we build the user interface, we add code using VIs and structures to control the front panel objects. 
The block diagram contains this code. In some ways, the block diagram resembles a flowchart. After we 
build the front panel, we add code using graphical representations of functions to control the front panel 
objects. The block diagram contains this graphical source code. Front panel objects appear as terminals, 
on the block diagram. Block diagram objects include terminals, subVIs, functions, constants, structures, 
and wires, which transfer data among other block diagram objects. 
 
2.4 Controls Palette 
 
The Controls and Functions palettes contain sub palettes of objects we can use to create a VI. When we 
click a sub palette icon, the entire palette changes to the sub palette we selected. To use an object on the 
palettes, click the object and place it on the front panel or block diagram. The Controls palette is available 
only on the front panel. The Controls palette contains the controls and indicators we use to build the front 
panel. 
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Figure 2.3: - front panel command window 
The Functions palette is available only on the block diagram. The Functions palette contains the VIs and 
functions we use to build the block. 
10 
 
   
Figure 2.4: - block diagram command window 
 
2.5 Tools Palette 
We can create, modify, and debug VIs using the tools located on the floating Tools palette. The Tools 
palette is available on both the front panel and the block diagram. A tool is a special operating mode of 
the mouse cursor. The cursor corresponds to the icon of the tool selected in the Tools palette. Use the 
tools to operate and modify front panel and block diagram objects. 
11 
 
 
Figure 2.5: - tools palette command window 
Use the Operating tool, shown at left, to change the values of a control or select the text within a control. 
The Operating tool changes to the icon shown at left when it moves over a text control, such as a numeric 
or string. 
Use the Positioning tool, shown at left, to select, move, or resize objects. The Positioning tool changes to 
resizing handles when it moves over the edge of a resizable object. 
Use the Labeling tool, shown at left, to edit text and create free labels.  
Use the Wiring tool, shown at left, to wire objects together on the block diagram. 
 
2.6 Wiring 
 
In order to create the logical flow between the object on the Block Diagram, we need to use the Wiring 
tool in order to connect the different objects together. 
 
Available Keyboard Shortcuts when dealing with Wiring: 
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2.7 Toolbar 
 
 Click the Run button to run a VI. LabVIEW compiles the VI, if necessary. We can run a VI if the Run 
button appears as a solid white arrow. The solid white arrow, shown above, also indicates we can use the 
VI as a subVI if we create a connector pane for the VI. 
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 While the VI runs, the Run button appears as shown at left if the VI is a top-level VI, meaning it has 
no callers and therefore is not a sub VI.  
 If the VI that is running is a subVI, the Run button appears as shown at left. 
 The Run button appears broken, shown at left, when the VI we are creating or editing contains 
errors. If the Run button still appears broken after we finish wiring the block diagram, the VI is broken and 
cannot run. Click this button to display the Error list window, which lists all errors and warnings. 
 Click the Run Continuously button, shown at left, to run the VI until we abort or pause execution. 
We also can click the button again to disable continuous running. 
 While the VI runs, the Abort Execution button, shown at left, appears. Click this button to stop the 
VI immediately if there is no other way to stop the VI. If more than one running top-level VI uses the VI, 
the button is dimmed. 
 Click the Pause button, shown at left, to pause a running VI. When we click the Pause button, 
LabVIEW highlights on the block diagram the location where we paused execution, and the Pause button 
appears red. Click the button again to continue running the VI. 
 
2.8 Execution 
In addition to the Toolbar buttons above the following Keyboard Shortcuts are available when dealing 
with Execution: 
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Running a VI executes the solution of the VI. Click the Run button or press the <Ctrl-R> keys to run a VI. 
The Run button changes to a darkened arrow to indicate the VI is running. We can stop a VI immediately 
by clicking the Abort Execution button. However, aborting a VI that uses external resources might leave 
the resources in an unknown state. Design the VIs we create with a stop button to avoid this problem. A 
stop button stops a VI after the VI completes its current iteration. 
2.9 Express VIs 
Use Express VIs located on the Functions palette for common measurement tasks. When we place an 
Express VI on the block diagram, the dialog box we use to configure that Express VI appears by default. 
Set the options in this configuration dialog box to specify how the Express VI behaves. We also can double-
click an Express VI or right-click an Express VI and select Properties from the shortcut menu to display the 
configuration dialog box. If we wire data to an Express VI and run it, the Express VI displays real data in 
the configuration dialog box. If we close and reopen the Express VI, the VI displays sample data in the 
configuration dialog box until we run the VI again. 
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CHAPTER 3. DATAFLOW PROGRAMMING 
LabVIEW follows a dataflow model for running VIs. A block diagram node executes when all its inputs are 
available. When a node completes execution, it supplies data to its output terminals and passes the output 
data to the next node in the dataflow path. 
Examples: 
 
 
Figure 3.1: - temperature example 
This is a simple example of a thermometer which is being used for the conversion of degree Celsius to 
degree Fahrenheit.  Using the simple formula  
T (°C) = (T (°F) - 32) × 5/9 
We can use simple numerical functions in the block diagram to get the result. 
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Figure 3.2: - working temperature example  
This is the same example of a thermometer which is being used for the conversion of degree Celsius to 
degree Fahrenheit and the only difference is that we used CASE STRUCTURE and WHILE LOOP.   
 
 
 
 
 
 
 
Figure 3.3: - case structure 
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Figure 3.4: - waveform chart 
This is an example of charts and table. It shows how the graphs are being used in the LabVIEW. The 
program varies with the time and it gives the amplitude vs time graph. 
3.1 Signal Processing 
  
Figure 3.5: - signal processing 
Time domain analysis is beneficial when observing data such as temperature. However, some applications 
require analyzing the frequency components of signals. This allows us to see which frequencies make up 
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a sound signal, similar to an audio equalizer or the vibration frequencies of a motor while running. Use 
this module to identify and filter out frequencies in NI LabVIEW software. 
3.2 Sub VIs 
There are three basic concepts of creating and using Sub VIs in LabVIEW. 
•Create New SubVI from Scratch 
•Create SubVI from existing code 
•Using Sub VI 
When we place a VI on the block diagram, LabVIEW considers the VI to be a subVI. When we double-click 
a subVI, its front panel and block diagram appear, rather than a dialog box in which we can configure 
options. The front panel includes controls and indicators. The block diagram includes wires, front panel 
icons, functions, possibly subVIs, and other LabVIEW objects. The upper right corner of the front panel 
and block diagram displays. 
 
Available Keyboard Shortcuts when dealing with Sub Vis: 
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Create New Sub VI from Scratch 
Select “Blank VI” in the “Getting Started” window when opening LabVIEW, or when LabVIEW is already 
opened select File→ New V” or use the short-cut Ctrl + N. 
Create Sub VI from existing code 
The procedure is as follows: 
1. Select the part of the code we want to turn into a SubVI. 
2. From the Edit menu, select “Create SubVI 
3. LabVIEW will automatically create a SubVI for the selected code. 
4. Clean up automatically created wires, etc. 
5. Create a suitable icon for the SubVI. 
Using Sub VIs 
We may open a SubVI from the File menu, select a SubVI from the Functions palette or use drag and drop 
in different ways, e.g., we may drag a VI from the File Explorer in Windows directly into an existing VI we 
have already opened in LabVIEW. 
3.3 Load .STL File 
To make a program which can load .STL file we need to create certain steps: 
 Go to Graphics and Sound 
 3D Picture Control=> Object => Create Object 
 Again go to Graphics and Sound 
 3D Picture Control=> File Loading => Load STL Geometry 
 Now use Application Control => Invoke node  
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Figure 3.6: - STL file program 
 
CHAPTER 4. LABVIEW AND ARDUINO 
First of all install VI PACKAGE MANAGER. This is basically used for LabVIEW. Here we can find any VIs 
related with the software. The downloaded VI automatically integrates itself with LabVIEW. 
 
 
Figure 4.1: - Interface with common embedded platforms 
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4.1 Requirements for Labview 
This 3D printer uses Arduino Mega 2560 board as a controller so there has to be compatibility between 
Arduino and LabVIEW. There are certain requirements for the LabVIEW to get integrated with the 3D 
printer. These are 
 LabVIEW 2009+ or compatible 
 NI-VISA Drivers 
 NI-DAQmx 9.3.5 or compatible 
 LabVIEW interface for Arduino VI package 
 Arduino drivers 
  
Figure 4.2: - VISA interactive control and compiler 
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4.2 Arduino Study 
The Mega 2560 is a microcontroller board based on the ATmega2560. It has 54 digital input/output pins 
(of which 15 can be used as PWM outputs), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz 
crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains 
everything needed to support the microcontroller; simply connect it to a computer with a USB cable or 
power it with an AC-to-DC adapter or battery to get started.  
 
Figure 4.3: - Arduino Mega 2560 
The Mega 2560 board is compatible with most shields designed for the Uno and the former boards 
Duemilanove or Diecimila. It is an open-source physical computing platform based on a simple i/o board 
and a development environment that implements the Processing/Wiring language. Arduino can be used 
to develop stand-alone interactive objects or can be connected to software on your computer (e.g. Flash, 
Processing, MaxMSP). 
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Technical specs 
 
The Mega 2560 board can be programmed with the Arduino Software (IDE). The ATmega2560 on the 
Mega 2560 comes preprogrammed with a bootloader that allows us to upload new code to it without the 
use of an external hardware programmer. The Mega 2560 has a resettable polyfuse that protects the 
computer's USB ports from shorts and overcurrent. Although most computers provide their own internal 
protection, the fuse provides an extra layer of protection. If more than 500 mA is applied to the USB port, 
the fuse will automatically break the connection until the short or overload is removed. The Mega 2560 
can be powered via the USB connection or with an external power supply. The power source is selected 
automatically. 
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Figure 4.4: - (REF 3)Arduino Mega 2560 pin information 
Once the printer had been fully assembled, all components had to be wired and tested to be sure they all 
functioned appropriately and had full functionality. The common open source 3D printing design is to use 
an Arduino Mega 2560 in combination with a RAMPS (RepRap Arduino Mega Pololu Shield) that is affixed 
to the top of the Arduino. There are also four stepper drivers that sit on top of the RAMPS to control the 
movement of each axis and the extruder. 
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Figure 4.5: - RAMPS for arduino 
4.3 Load Arduino Interface 
 Open VI PACKAGE MANAGER and search for LabVIEW interface for Arduino VI package. 
 
Figure 4.6: - Arduino interface download 
 
26 
 
Now we will get an ARDUINO tab under the Functions which consists of all the commands required for 
functioning. 
   
Figure 4.7: - LabVIEW interface of Arduino 
Get the Arduino drivers updated and download Arduino software to feed the board with the required 
programming. The program can be acquired from the following directory: 
C:\Program Files (x86)\National Instruments\LabVIEW 2016\vi.lib\LabVIEW Interface for 
Arduino\Firmware\LIFA_Base 
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4.4 Labview Interface for Arduino (LIFA) 
   
Figure 4.8: - LIFA_Base for Arduino 
Try to upload the LIFA to the Arduino Board. If the error occurs, then reset the board from reset button 
and restart the program. 
Write a program using LabVIEW interface for Arduino which is for only one motor. If the written program 
is not showing USB port which is basically VISA resource, then the program is not reading the right board. 
Most of the time it reads UNO instead of MEGA, change it manually will solve the issue. 
This problem will persist so restart the Labview as well as Arduino and again upload the whole program 
to check the issue. 
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Figure 4.9: - Showing no USB connection 
The figure 25 showing led example with LIFA. It works perfectly fine but to make it work with the Arduino 
we need to remove the RAMPS as it is not able to process signal from the Labview.  
  
Figure 4.10: - LIFA led example 
 
 
29 
 
4.5 Problems with LIFA 
 
 
Figure 4.11: - Labview forum describes LIFA problems 
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4.6 LINX Interface 
  
Figure 4.12: - linx interface 
LINX provides easy to use LabVIEW VIs for interacting with common embedded platforms like Arduino, 
chipKIT and myRIO. Use the built in sensor VIs to start getting data to your PC in seconds or use the 
peripheral VIs to access your devices digital I/O, analog I/O, SPI, I2C, UART, PWM and more. Whether 
you’re remotely controlling a chipKIT or Arduino over USB/Serial, Ethernet or Wi-Fi, or deploying VIs to 
run on BeagleBone Black or Raspberry Pi 2/3, LINX and LabVIEW make it easy visualize the data you’re 
working with, debug your code, and create advanced embedded applications faster than ever before. 
 
 
31 
 
4.7 Uploading LINX Firmware 
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4.8 LINX Led Example 
   
Figure 4.13: - linx led example 
This example shows the difference between PWM Signal and Digital Signal using LINX in the Labview. LINX 
just recognizes the pin I/O, the program needs to be given the I/O pins and needs to be given the signal 
type. 
       
PWM Signal        Digital Signal 
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4.9 LINX Problem 
  
Figure 4.14: - showing linx problem 
It is unable to establish connection with Arduino. Most of the time it doesn’t recognize the board. Every 
program that uses the LIFA Toolkit, should begin with the init command end with the close commands. It 
has to be ensured to avoid use of the abort button as much as possible. While aborting a task, the code 
will not have a chance to run the close VI, and the next time code runs, the Arduino will start up in an 
unknown state. It may need to restart the board and re-load the LIFA firmware to correct this. 
 
4.10 Debugging 
Using a different program to check the authenticity. This program is for one motor only with a highlighted 
error showing function. 
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Figure 4.15: - Showing error 5002 
This program is basically showing error 5002 which means that there is no establish connection with 
Arduino and selected the COM port is not right. 
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This error may be from the following reasons: 
 Make sure that the correct firmware is flashed to the Arduino. The correct firmware can be found 
in <LabVIEW>\vi.lib\LabVIEW Interface for Arduino\Firmware\LIFA_Base. 
 Make sure we have selected the correct COM port for the Init.vi or that the VI automatically 
locates the Arduino (this happens when no wire is connected to the VISA Resource input of 
the Init.vi and only works for Arduinos that are connected to the PC via USB). If we are having 
trouble with auto-detect mode, take the Init.vi out of auto-detection mode by wiring up the 
Arduino VISA resource and baud rate. Right-click on the top left terminal of the Init.vi in and 
select Create»Constant. This will create a VISA constant. Select the COM port where Arduino is 
connected to from the drop down menu. The correct COM port to use will be shown in the 
Arduino Integrated Development Environment (IDE) when we flash the LabVIEW Interface for 
Arduino (LIFA) firmware to the Arduino board. Right-click on the terminal underneath the VISA 
resource and select Create»Constant again. In this box set the baud rate for the Arduino. The 
default for most cases will be 115200. 
 Check to see if the Arduino shows up under Windows Device Manager. Search Device Manager 
on the computer and run the executable. Expand the USB section and see if the Arduino is listed. 
If it is not, we may need to install the drivers for the Arduino. See the External Link: Getting started 
w/ Arduino on Windows for steps on doing this. 
 If using a wireless connection (Xbee, BlueSMIRF) to LabVIEW try using a wired connection (USB, 
Serial). Poor wireless signal strength can cause the Arduino to be unreachable by LabVIEW. 
 Make sure that the baud rate specified as an input to Init.vi matches the baud rate specified in 
the firmware by #define DEFAULTBAUDRATE X (where X is the baud rate). 
 Make sure we have the latest version of NI VISA installed on the computer. We can check this by 
opening NI Measurement & Automation Explorer (NI MAX). Search NI MAX on the computer and 
run the executable. Expand the software section and verify that NI VISA is listed there. If it is not 
listed, download the latest version of NI-VISA from NI Driver Downloads. 
 Every program that uses the LIFA Toolkit, should begin with the init command end with the close 
commands. Ensure that we avoid use of the abort button as much as possible. When we abort a 
task, the code will not have a chance to run the close VI, and the next time we run the code, the 
Arduino will start up in an unknown state. We may need to restart the board and re-load the LIFA 
firmware to correct this. 
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 Make sure that no other programs are open that are also attempting to communicate with the 
Arduino. If we have the Arduino IDE open, for example, the resource may already be reserved 
when LabVIEW tries to access the COM port. 
After fixing the error 5002, using a different approach to solve the problem. The error occurred at the 
Arduino resource. 
 
Figure 4.16: - Showing error 5003 
Now this error occurred in the loop, where it cannot define stepper motor. This error may be due to 
certain reasons: 
 Ensure that all cables are securely attached if using a wired connection or that we have adequate 
signal strength if using a wireless connection. The USB ports located on the back of a desktop 
computer generally have more stable power supply than the front panel's USB ports. We may 
want to use those ports if we are on a desktop computer. If we are using a laptop, make sure it is 
plugged in during the troubleshooting process. 
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 Check to make sure we have the correct baud rate and COM port specified for the Arduino board 
in order to properly define the communication protocol. Failure to specify the right settings may 
result in this error. 
 Every program that uses the LabVIEW Interface for Arduino (LIFA) Toolkit, should begin with 
the Init command and end with the Close command. Ensure that we avoid the use of 
LabVIEW's Abort button as much as possible. When we abort a task, the code will not have a 
chance to run the Close VI. The next time we run the code, the Arduino will start up in an unknown 
state that could result in Error 5003. We may need to restart the board and re-load the LIFA 
firmware to correct this. 
 Make sure that no other open programs are also attempting to communicate with the Arduino. 
For example, having the Arduino Integrated Development Environment (IDE) open may reserve 
the Arduino resource, resulting in Error 5003 when LabVIEW tries to access the COM port. 
 We can try to open a built-in example program that interacts with the same I/O pins to see if we 
still get Error 5003. This will ensure the Arduino is actually capable of communicating with the 
computer. 
 We can manually change the timeout time or the number of timeout retries by modifying 
the Time Out and Max Retries input terminals of the Send Receive function. Having a longer 
timeout value or a higher number of attempts (retries) may establish communication with the 
device. 
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After fixing this code we get an OK code 1073676294, which states that the program is running fine 
without any trouble. 
 
Figure 4.17: - Showing OK code 1073676294 
This shows a response from Arduino board where the processing light is on which shows that it is getting 
command from LabVIEW. 
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Figure 4.18: - Showing processing lights (TX, RX) 
 
4.11 Solution 
Taking the schematic of stepper motor drive and trying to make the circuit. The ground and VMOT needs 
to be connected with motor power supply while the step and direction can directly be manipulated 
through Arduino. Choose any of the pin set for stepper motor and put the reference in the Labview. The 
Labview will automatically detect the pin and give power to the motor. 
 
Figure 4.19: - (REF 5) -Showing schematic of stepper motor drive 
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4.12 Preferred Circuit Design 
The preferred circuit design will show how the Labview will be running the stepper motors. The steps and 
direction to the each stepper can be given directly through the Labview by selecting the pin number.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.20: - circuit showing stepper run by labview 
Our Project needed servo motors (Pittman 4224) to be run through Labview. They are very precise motors 
with encoders on them. Labview can run different motors including servos but they require particular 
microcontrollers for their working. There is a 3 wire servo example in figure 36 which shows working of 
servo with arduino. 
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Figure 4.21: - 3 WIRE SERVO MOTOR EXAMPLE 
The Labview can control different aspects which can include firmware, G-Code interpreter and interface. 
To work all these together, Labview needs a powerful G-code interpreter which slices the model and a 
firmware will receive all these data to be interpreted by an interface. 
 
Figure 4.22: - Labview controlling different aspects 
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Working Example 
There is a working example used by a company called YASKAWA. They uses their own interface for the 
servos. The drivers are used to control the servo which has an inbuilt encoders. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.23: - yaskawa servo drives 
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Figure 2.24: - yaskawa driver palette 
 
The graphical representation of the process through Labview. This can be done through a firmware and 
using the proposed microcontroller. 
 
 
 
Figure 2.25: - Process through Labview  
 
As the process is very rigid we will be using MACH3 to run the servo. The MACH3 uses a breakout board 
which breaks the signal and is received to the DC Servo Drive. The servo drive receives all the information 
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of encoders and then signal is transferred through the line differential to the motors.  This whole complex 
system is run through MACH3 via inbuilt G-Code Interpreter which is shown in figure 44.   
 
CHAPTER 5. INTEGRATING LABVIEW WITH OTHER SOFTWARES 
 
It is possible to integrate other softwares with Labview system. The software which will be used to control 
the moving table is MACH3. The Labview can integrate MACH and slicer within itself so it provides an easy 
access to the software. MACH3 uses its own microcontroller to control servo motors. 
 
5.1 HDBB board  
 
Figure 5.1: -(REF-13) HDBB board pinout 
 
The HDBB2 is a signal breakout board making the wiring and connections to the LPT port or motion 
controller easy. There are 4 pieces of axis connectors to connect to our servo drives directly with straight 
wired „patch cables”. All inputs connected via onboard optical isolator. 4 outputs have open-drain high 
power transistor outputs for driving external relay coils, solenoids, etc. directly upto 50Volts. All in and 
outputs have LED indicators which makes the installation and connections debugging easy. The board 
integrates a safety chargepump circuit which can be disabled/enabled with jumper. One analog 0-5V 
output is also onboard for software handled spindle speed control. 
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5.2 Servo Drivers 
 
Whale3 Servo Drive is an interface between breakout board and high precision moving table. It receives 
step signals from breakout board and sends to moving table and position feedback through encoders and 
differential line drive modules to be mounted in hardware box/panel. 
 
Figure 5.2: -(REF-13) servo drivers 
 
 
The each Whale3 servo drives are configurated through a software called servoconfigurator. This 
configurator is used to position and check the working of servo drives. If it does not recognizes the servo 
drives, then this is a clear indication that the servo drives are faulty. 
 
46 
 
 
Figure 5.3: - servo configurator 
 
Each PID control system was tuned to provide optimal performance for micron scale. The maximum error 
was never higher than 10 units. Each unit corresponds to 0.5 microns of translation. 
 
 
Figure 5.4: -PID control 
 
The MACH3 uses a G-Code interpreter to run a program. This interpreter gives the step and direction to 
the motor which can be seen in tool display. Servoconfigurator used mainly for primary tuning of the servo 
motors.  
This program provides position and error feedback to the user as well as status indicators. It contains a 
built in PID controller for variability in the control parameters (Kp, Ki, Kd) which can be directly changed 
via USB-B into the Whale3 (servo drive) and USB-A into the computer. 
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Figure 5.5: - working of mach3 
 
Finally integration of the Mach3 with the LabVIEW control system can be done. Other features like 
temperature, chamber voltage, pressure, and fluid flow can be integrated and controlled by Labview 
systems by using particular hardware for each system. 
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Figure 5.6: - Labview control system 
 As the Labview requirements are pretty specific. It cannot integrate everything within itself until it is 
provided with specific firmware and interface.  
For the EHD printing system the requirement is to control heating element with the Labview while for the 
AFF it is required to control pressure. 
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CHAPTER 6. HEATING SYSTEM INTEGRATION 
Temperature can be measured either with temperature probes like thermocouple or by thermistor. There 
are particular heating system probes which can be directly connected to through usb and using special 
DAQs we can check the readings.  
6.1 Thermocouples 
The problem with those probes are that they are very specific and cannot be used to control the 
temperature rather just used to check for temperature. 
  
Figure 6.1: -(REF-15) NI USB TC01 
 
The NI USB-TC01 is a thermocouple measurement device featuring InstantDAQ technology. It technology 
includes built-in software for viewing and logging data that automatically loads when you plug in device, 
which can instantly take temperature measurements with the PC. It can connect the USB-TC01 to any USB 
port to use the PC as a display and monitor data in real time. The USB-TC01 is compatible with J, K, R, S, 
T, N, E, and B thermocouples. 
 
These thermocouple has a major drawback that CJC (Cold Junction Compensation) is required for all 
measurements as a reference. Thermocouples measure a temperature between two points and it’s not 
absolute temperature. Many thermocouple devices have another built in temperature sensor to supply 
CJC value.  
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There are different types of thermocouples like K, R, S, T. They can be used for different operations and 
purposes.  
 
Figure 6.2: -Thermocouple K type, J type, omega SA2 
 
The thermocouple in our lab is basically K type which is Nickel-Chromium / Nickel-Alumel. The type K is 
the most common type of thermocouple. It’s inexpensive, accurate, reliable, and has a wide temperature 
range. The type K is commonly found in nuclear applications because of its relative radiation hardness. 
The maximum continuous temperature of this thermocouple is around 1,100C.  
 
   
Figure 6.3: - different K type thermocouples 
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5.2 Thermistors 
A thermistor is a type of  resistor whose resistance is dependent on temperature, more so than in 
standard resistors. This name is derived from the more descriptive term “thermally sensitive resistor,” the 
original name for these devices. Thermistors are a type of semiconductor, meaning they have greater 
resistance than conducting materials, but lower resistance than insulating materials. The relationship 
between a thermistor’s temperature and its resistance is highly dependent upon the materials from which 
it’s composed. There are basically two types of thermistors namely NTC & PTC. 
 With NTC, temperature rises as resistance decreases to protect against 
inrush overvoltage conditions. Commonly installed in parallel as the current 
sink. 
 With PTC, temperature rises as resistance increases to protect against overcurrent conditions. 
Commonly installed in the series as a resettable fuse. 
 
For this project two thermistors were tested one is Vishay 10k and the other is Honeywell 100K thermistor. 
The 10k thermistor gives quite a satisfactory results with maximum measurement of 120 °C. As the 
requirement for this project was about 230 °C so 100K thermistor was used, which has a higher 
temperature range.  
 
 
Figure 6.4: - Vishay NTCLE-100E-3103 10k thermistor 
 
The NTCLE100E3103JB0 is a radial leaded standard Precision Negative Temperature Coefficient 
Thermistor which consists of a chip with two solid copper tin plated leads. It is gray lacquered and color 
coded, but is not insulated. It is highly stability over a long life with the temperature range of - 40 to + 125 
°C. 
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Figure 6.5: - Honeywell 135-103FAD-J01 
 
Honeywell makes the 135-103FAD-J01 thermistor comes with a rugged DO-35 glass encapsulation and is 
ideal for fully automated assembly. It has a uniform dimensions are suited for automated assembly. 
Thermistors are temperature-sensitive devices.  
This is built to show large change in resistance to corresponding small change in temperature. Electrical 
resistance change of this thermal resistors is negatively correlated to the temperature change. 
With an operating temperature ranging from - 60° C to 300° C, this Thermistor is designed for applications 
which require reliability at low cost. They have a very wide applications owing to their predictable, precise 
and stable properties. 
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Figure 6.6: - 100K thermistor data 
6.3 Steinhart–Hart Equation  
The Steinhart–Hart equation is a model of the resistance of a semiconductor at different temperatures. 
 
where: T = degrees Kelvin 
a,b, and c = coefficients derived from measurement 
To know a, b and c coefficients, measure the thermistor at three different temperatures. The temperatures 
should be evenly spaced with atleast 10 degrees apart. Use these three temperatures to solve three 
simultaneous equations. These equations allow to derive a, b and c for any temperature range. Knowing a, 
b and c for the thermistor allows the use of Steinhart and Hart equation. 
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There is a major difference between thermistor, thermocouple and RTD. In contrast to RTDs, that change 
resistance in a nearly linear way, thermistors have a highly non-linear change in resistance and actually 
reduce their resistance with increases in temperature. Unlike RTDs and thermocouples, thermistors do 
not have standards associated with their resistance vs. temperature curves. As a result, there are many 
different ones to choose from. Every thermistor material provides a different resistance vs. temperature 
“curve”. Some materials provide better stability while others have lower resistances so they can be 
fabricated into larger or smaller thermistors. 
 
Figure 6.7: -difference between thermistor, thermocouple and RTD 
 
6.5 Sampling with Arduino 
To control the temperature we need to use a microcontroller that can generate signal and can control the 
heating element. For that purpose using Arduino as a microcontroller seems the best option. But the 
problem with the Arduino is that it cannot be used with a high power heating element which ranges above 
12-15 watts. 
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Figure 6.8: - Arduino output data 
 
This can be done in Arduino with a simple program. Just define the value of the thermistor and write a 
simple program for Stein Hart Equation with it’s specific coefficient.  
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6.5 Sampling with LIFA 
 
Figure 6.9: - LIFA program for thermistor 
 
Using Labview interface for Arduino tab and making a simple program for thermistor we can see the 
results. The results are consistent for 10k thermistor while it changes for 100k thermistor. This is due to 
the Stein Hart coefficients, there is always an error in the calculation of coefficients due to the equation 
itself. 
 
6.6 myDAQ 
Student Data Acquisition Devices feature eight commonly used plug-and-play computer-based lab 
instruments, including a digital multimeter (DMM), oscilloscope, and function generator based on 
LabVIEW. It has access to all the ready-to-run software instruments to perform experiments and exercises 
with the Bode analyzer, arbitrary waveform generator, dynamic signal analyzer (fast Fourier transform), 
digital input, and digital output.  When combined with LabVIEW and NI Multisim software, gives the 
power to prototype systems and analyze circuits outside traditional lectures and labs to these affordable 
devices which allow for real engineering. 
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Figure 6.10: - myDAQ pinouts 
 
This myDAQ has a major problem that it does not have CJC (Cold Junction Compensation) which is required 
for all measurements as a reference. Thermocouples just measure a temperature between two points and 
it’s not absolute temperature.  
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6.7 Coding myDAQ with Labview 
The myDAQ can be connected to a thermistor and can be used to measure temperature. The desired 
thermistor is wired in a circuit as a resistor.  It requires a positive input on one side and a negative input 
on the other side where the orientation is not important. 
 
Figure 6.11: -(REF-18) wiring diagram of thermistor 
 
Now write a simple program putting Stein Hart Equation into a loop and converting resistance to 
temperature. 
 
Figure 6.12: -thermistor in a loop 
59 
 
Update myDAQ by configuring the DAQ with the 100k thermistor using internal IEX source and 2 wire 
configuration. Putting 1 sample on demand will take resistance value at an instance. 
 
 
Figure 6.13: - DAQ configuration with the 100k thermistor 
 
In LabVIEW we need to measure the resistance value coming from the thermistor of 100Ω to 100kΩ.   This 
value is then converted to a temperature using the polynomial equation from the thermistor 
specifications referenced at the end of this document.  Finally, the output is the result to a numeric 
indicator and a temperature chart on the front panel. 
 
Inside the while loop on there is the DAQ Assistant.  It’s configured to read a single value from the myDAQ 
DMM terminals at the time it executes.  Once a value is read it is passed down the wire, it is divided by 
10000 and then the natural log is taken of the quotient before being again passed into the formula 
node.  The resistance is then further converted into a temperature in Kelvin using the Stein Hart 
polynomial equation and constants from the sensor specifications sheet. 
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Now one part of the loop is complete. We need to control the temperature as till now we are only able to 
read it. For this we need to integrate Matlab script into the Labview.  
 
6.8 Integrating Matlab and Labview 
Here we are able to control the temperature. For this we integrated Matlab script with the Labview. The 
condition is specified into the Matlab script which in turns gives the output voltage as required. The 
condition is such that if the desired temperature value is less then we will have output on a certain 
selected pins. 
 
Figure 6.14: - integration of matlab with labview 
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This can be seen in the following figure 60 that the temperature will be constant if we apply this coding. 
We can add meters to read temperature. 
 
 
Figure 6.15: - controlling temperature 
 
Now checking the pins for output voltage. As the selected output voltage was 10V, so there is high enough 
voltage but the current is very low, as low as 2mA, which is very difficult to run a heating element. It can 
be seen that the led lights up as the program run. 
 
       
Figure 6.16: - led lights up with output pins 
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6.9 Graphical Method 
Another idea is to take up the resistance vs temperature chart of thermistor and put these points in the 
Labview. This gives a T vs R graph which is exponentially decaying. Now merge the graph with the 
exponentially decaying graph, which are quite close. Now try to interpolate the points, as the myDAQ is 
able to measure resistance, we can get the corresponding value of temperature.  
 
 
Figure 6.17: - thermistor graphical method 
 
This interpolation gives quite a result even better than using stein hart equation. The temperature always 
has a tolerance of +2.3 to -2.3, which for higher temperature measurement is outstanding. This is 
measured from a thermometer to check if the result is consistent. The result is always consistent and has 
a gradual decrease or increase in the temperature. 
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Figure 6.18: - result comparison with graphical method 
 
6.10 Final using mydaq as Controller 
As a result, comparison with graphical method all other methods are not up to the point. So taking 
graphical method and combining with Matlab we can now make our whole circuit. As we know the output 
voltage is very low so we will use transistor as a triggering and relay as a switching device.  
The DC supply we are going to use is a Protek dual dc supply, which can give up to 30V and 1.5 A, which is 
high enough for the heating element. As this can give upto 45 watts of power, while our requirements 
ranges from 10-15 watts. 
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Figure 6.19: - Protek dual dc supply 
 
Now the relay which we are going to use is HY1Z-5V, Signal Relay.  This has a coil resistance of 125ohm 
with a contact current of 1A. The highest contact VDC is 30V.  
 
This simple N.C and N.O contact will be triggered through transistor which will allow relay to switch on 
and off during the process. This will bypass the required current for the heating element through DC 
supply. 
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Figure 6.20: -(REF- 20) switching circuit 
 
This has a common terminal which connects directly with N.C without being charged and connects with 
N.O when it’s given current. 
  
 
Figure 6.21: - HY1Z-5V  Signal Relay 
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The transistor that will be used is 2N3906 or 2N3904 PNP.   It has a emitter base voltage of 5V which is 
sufficient for it’s working with DAQ. 
        
Figure 6.22: - 2N3906 PNP transistor 
 
The transistor will allow to trigger relay as the transistor collector is connected with the relay, which 
provides it’s high voltage. The base is connected with a 1K resistor and the emitter is connected to the 
ground. 
 
Figure 6.23: -(REF-20)  transistor circuit 
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Now, comes main part of the heating system is the heating pad. This has an internal resistance of 15ohm 
with the working temperature of 140 degree Celsius. It is a polyamide thermos foil heater which has a 
high ranting 10 watts that generates high temperature range of 230 to 300 degree Celsius maximum. The 
project requires around 220 degree Celsius which will be used to melt PLA. 
 
The dimensions are across 80 X 10 mm which is enough to surround a nozzle. This will be directly mounted 
on the nozzle to heat it up.  
 
 
 
Figure 6.24: -12V 10W Polyimide Flexible Membrane Thermo Foil Heater Heating Film 80mm x 10mm 
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6.11 Proposed Heating System 
The proposed heating system is a loop which acts on triggering. The relay is connected to 5V battery supply 
to energise it. The transistor base is connected to 50K resistor which is then connected to a 5V output of 
the myDAQ. The emitter is connected to the negative of the battery as well as the negative terminal of 
the myDAQ. Where on the other side, collector is connected to the relay coil which completes one half of 
the circuit. 
 
Figure 6.25: - proposed heating system 
 
The other half of the circuit is connected with a DC power source which gives around 10V and 1A for the 
heating element. The myDAQ is directly connected to Labview which is run through the loop. This system 
is checked with both the transistors 906 & 904. The result is best derived from 906 transistor. 
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Other Heating Options 
The Lab contains a lot of heating devices which can be used manually to control the temperature. Some 
of them have built in PID controllers, which controls the temperature. The thermocouple is provided with 
these models. Our Lab has Omega benchtop heating system which uses K type thermocouple for it’s 
working. 
 
Figure 6.26: - (REF-21) omega benchtop controller 
 
 
The heating element for this controller is Silicone rubber extruded heating tapes that can be used in direct 
contact with a metal or conductive surface. These heating tapes are low watt density electrical resistance 
heaters designed for temperature maintenance in applications requiring moisture and chemical 
resistance.  
 
Silicone rubber tapes are made up of finely stranded resistance wires fully insulated with braided 
fiberglass and knitted into flat tape with fiberglass yarn. These tapes are encapsulated in a blank free 
silicone rubber sheath. 
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Figure 6.27: - (REF-21) Silicone rubber extruded heating tapes 
 
CHAPTER 7. AFF SYSTEM 
This contains Central Pneumatic compressor which is capable of providing 15 to 25 psi to the chamber 
This has a custom regulator setup for variability in airflow assistance with  the printer head.  
 
Figure 7.1: - Central Pneumatic compressor 
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Figure 7.2: - custom regulator 
 
 
The National Instrument has their own built in PID controller for pressure. So it is easy to integrate our 
Labview program with the pressure controller. For that we need to use NI C series module to connect to 
a pressure transducer. 
 
  
 
Figure 7.3: - NI 9237  
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Figure 7.4: - PID pressure controller 
 
 
The pressure transducer is a strain guage based model which has an inner diaphragm whose resistance 
changes with the change in pressure. To measure from pressure transducer we need excitation voltage. 
Since it’s output is in millivoltages so we need some sort of signal conditioning to amplify it.  
 
So it’s better to use NI C series module as it provides both the excitation voltage and signal conditioning. 
Here the pressure is directly measured from Labview. 
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CHAPTER 8. FINAL TESTING 
 
Now we can test our concept of EHD and AFF. To test it separately we need some syringe to provide 
material to the nozzle. The heating system can be mounted on the syringe to the nozzle. To make it 
possible we need syringe pump, pump, camera and high voltage supplier. 
 
8.1 Syringe pump 
 
NE-1000 programmable pump is capable of delivering as low as 0.73 µL/hr and up to 2100 mL/hr. It is built 
for Automation which can operates stand alone or from a computer. It Infuses and withdraws with it’s 
applications range from simple infusions to complex pumping programs.  
It can be programmed up to 41 pumping phases: change pumping rates, set dispensing volumes, insert 
pauses, control and respond to external signals, sound the buzzer. 
 
 
Figure 8.1: - new era syringe pump 
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8.2 High voltage supplier 
 
The Model 677B is a high-voltage power amplifier/supply designed to provide accurate control of output 
voltages. It can be operated in one of two modes: as high-voltage power supply that responds to front 
panel controls to command exact output voltage or current as a high-voltage amplifier when it is 
configured as a noninverting amplifier with a fixed gain. 
 
 
Figure 8.2: - 677B, a high-voltage power amplifier 
 
The 677B features an all-solid-state design for wide bandwidth, high slew rate and little-noise operation. 
The four-quadrant, active output stage sinks or sources current into reactive or resistive loads across the 
output voltage range. This type of output is cricial to achieve an accurate output response and high slew 
rate demanded by a variety of loads such as highly capacitive or reactive loads. 
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8.3 Microviewer camera 
 
There are two aven’s Mighty Scope 1.3M USB Digital Microscope one with features 10x-50x, 200x 
magnification with white LED illumination and the other features UV LED lights operating at 405nm. They 
have adjustable magnification from 10x - 200x, in one compact lens. 
 
Figure 8.3:- Mighty Scope 1.3M USB Digital Microscope 
 
 
 
8.4 TESTING EHD & AFF 
 
While testing EHD & AFF together we need some particular things like high voltage supplier, high definition 
camera, syringe pump and nozzle itself.  For testing the Taylor cone from both the system we need to use 
these instruments manually. 
Testing is done with three liquids to test the theory. These liquids are 
 Isopropyl alcohol 
 Vegetable oil 
 wax 
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Figure 8.4:- nozzle chamber 
The main part of this experiment is the nozzle which is built like a chamber. This chamber consists of 
metallic plates at both the end while chamber itself is made up of polycarbonate, which is an insulator.  
 
 
Figure 8.5:- test set up 
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8.5 Test result 
Test results are quite satisfactory as we were able to see the Taylor cone with jet. For the EHD system 
the voltage requirement almost reached to 2000V for the given samples. This provided a jet which can 
be seen in the figure 81.  
 
 
Figure 8.6:- EHD experiment 
 
The AFF system also worked in the same way as predicted. We were able to see Taylor cone with jet. The 
pressure required for this experiment lies within the range of 10 to 20 psi. 
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Figure 8.7:- AFF experiment 
 
CHAPTER 9: CONCLUDING REMARK AND FUTURE WORK 
9.1 Conclusion 
Within the given time we fully developed our plan, constructed our printer, tested it to verify that it works, 
and have learned a lot about integrating it with the software. To begin we came up with a design for a 
printer that meets all of our requirements and have fully constructed it. To be sure that our printer build 
was fully functional we then used a large amount of open and closed source software in conjunction with 
microcontrollers like HDBB (High Definition Breakout Board) and Arduino to get it operational. Finally we 
began the transition to hardware and software through the development of a GUI which can run by 
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LabVIEW. The experiment shows very satisfactory results both for EHD and AFF. The only part required is 
the fully integration of all sort with the Labview. We plan on continuing the development of the GUI and 
the development of a firmware for use with a fully functioning and integrated 3D printer. 
 
9.2 Future work & development 
Although this project has a lot of scope to develop, future plans has to continue development into the 
final finished product. Our goal is to build a fully functional EHD & AFF Printer which has to be only 
controlled by LabVIEW. By doing this we can have our own prototype which can be developed through 
our project and be sure that it is fully functional and meets all expectations by the competition. 
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